Objective To determine the impact of phlebotomy on the laboratory values and the incidence of hepatocellular carcinoma (HCC) in patients with hepatitis C. Methods Study patients with chronic hepatitis C were treated with glycyrrhizin injection and oral ursodeoxycholic acid and either with (n=52) or without (n=50) phlebotomy during the period of 2005-2012. Six phlebotomized patients had previously received interferon therapy and were subsequently excluded from the data analysis. The serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin, alkaline phosphatase, gamma-glutamyl transpeptidase, lactate dehydrogenase, ferritin, iron and albumin, as well as the hemoglobin concentration, platelet count and prothrombin time, were determined. We compared the long-term outcomes based on the incidence of HCC and laboratory values, including the baseline serum ferritin levels, in patients treated with versus without phlebotomy. Results In the phlebotomy group, the mean AST and ALT levels decreased significantly at each one-year interval over five years (p<0.01), whereas the platelet counts did not. The incidence of HCC in the phlebotomized patients was significantly lower than that observed in the patients treated without phlebotomy: 10.3% vs. 43.7%, respectively, during the 8-year observation period (p=0.04). The incidence of HCC was also lower in the phlebotomized patients with a normal baseline ferritin level: 0.0% vs. 36.0% in the matched subgroup treated without phlebotomy at year 8. Phlebotomy offered a risk ratio of 0.13, thus suggesting protection against the development of HCC. Conclusion The incidence of HCC can be reduced by phlebotomy treatment, which should be performed in patients with chronic hepatitis C not receiving or not responding to antiviral therapy.
Introduction
The use of pegylated interferon (IFN) and ribavirin combination therapy in patients infected with the hepatitis C virus (HCV) achieves clearance of HCV in approximately 50% of cases, even those involving genotype 1b HCV infection and a high viral load. Furthermore, with this combination treatment in addition to protease inhibitors, it has become possible to achieve sustained virologic response rates approaching 70% in Japan (1) (2) (3) .
However, significantly reduced rates of a sustained virologic response are observed in women, cases involving a reduced dose or discontinuation of both IFN and ribavirin and patients with substitutions of amino acid 70 and/or 91 in the HCV core region (4) , mutations in the gene encoding nonstructural protein 5A (5) or genetic polymorphisms near the IL28B gene (6, 7) . In such cases, it is necessary to maintain lower levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) with glycyrrhizin injection and oral ursodeoxycholic acid (UDCA) therapy, which reduces the risk of occurrence of hepatocellular carcinoma (HCC) resulting from chronic hepatitis C and can significantly improve the quality of life (8) (9) (10) (11) . It has recently been reported that risk factors for HCC include iron overload (12) . Fortunately, the risk of carcinogenesis and liver dysfunction can be suppressed with iron reduction therapy, including phlebotomy (13) .
In the present report, we conducted a cohort study comparing the long-term outcomes in two treatment groups of patients with chronic hepatitis C who underwent treatment with glycyrrhizin injection and oral UDCA with or without phlebotomy. Our study aims were to determine the impact of phlebotomy on the serum laboratory values and incidence of HCC as well as examine the influence of the baseline ferritin level.
Materials and Methods

Study population
This study was performed prospectively. Patients with chronic hepatitis C participated in the study performed at Nihon University School of Medicine Hospital (Tokyo, Japan) from January 2005 through December 31, 2012. All patients provided their informed consent to participate in the study. The study protocol specified that no patients should have previously received IFN therapy. Similarly, if a patient started IFN therapy, we discontinued their follow-up in the study. All study patients were treated with glycyrrhizin injection and oral UDCA administration, and comparisons were made between those additionally treated with and without phlebotomy. A comparison was also made between patients whose baseline serum ferritin level was within the normal range versus those with an increased baseline serum ferritin level. The upper limit of a normal ferritin level was defined as 200 μg/L for women and 300 μg/L for men, as per the Hemochromatosis and Iron Overload Screening Study (14) . All patients tested positive for serum HCV RNA (measured using the Amplicor HCV Monitor; Roche Diagnostics K.K., Tokyo, Japan) and negative for serum hepatitis B surface antigens (measured using an enzyme-linked immunosorbent assay; Dinabot, Tokyo, Japan). No heavy drinkers (defined as an ethanol intake of >30 g per day) were included in the study.
Patients with Child class C cirrhosis, anemia (defined as a hemoglobin level of <11 g/dL), angina or other high-risk conditions were also excluded. Both treatment groups were observed for more than one year.
Study design
A total of 102 patients with chronic hepatitis C participated in the study (Fig. 1) . The patients treated with phlebotomy gave their consent to undergo phlebotomy after receiving an explanation of the benefits and potential risks of the procedure. The non-phlebotomized patients included those from whom consent for phlebotomy was not obtained.
Of the 102 participants, 50 were treated with glycyrrhizin injection and oral UDCA therapy without phlebotomy, including 40 patients whose baseline level of serum ferritin was within the normal range (normal-ferritin subgroup) and 10 patients whose ferritin level was above the normal range (high-ferritin subgroup). In the other treatment group, 52 patients were treated with glycyrrhizin injection and oral UDCA therapy with phlebotomy, including 31 patients in the normal-ferritin subgroup and 21 patients in the highferritin subgroup. During the study follow-up period, it was found that six of the 52 phlebotomized patients had received IFN therapy more than 10 years previously; therefore, the data for these six patients were excluded from the data analysis (Fig. 1) .
The primary endpoints were the serum levels of AST, ALT, total bilirubin, alkaline phosphatase, gamma-glutamyl transpeptidase (G-GTP), lactate dehydrogenase (LDH) and albumin, as well as the hemoglobin concentration, platelet count, prothrombin time and incidence of HCC. In addition, the serum levels of alpha-fetoprotein (AFP), used as a tumor marker, were determined using an enzyme immunoassay.
Measurement of the serum ferritin and iron concentrations
We also determined the serum ferritin and iron concentrations. The serum ferritin concentrations were evaluated using a chemiluminescent enzyme immunoassay (Lumispot Eiken Ferritin; Eiken Chemical Co., Ltd., Tokyo, Japan), while the serum iron concentrations were evaluated according to the Nitroso-PSAP method (Quickauto-Neo Fe; Shino-Test Corp., Tokyo, Japan).
Definitive diagnosis of HCC
All patients were assessed two or three times each year to check for space-occupying lesions based on the findings of abdominal ultrasonography and computed tomography examinations, and definitive diagnoses of HCC were made using abdominal angiography performed between January 2005 and December 2012.
Method for phlebotomy
Depending on the individual patient's condition and blood pressure, phlebotomy was performed to remove 100-400 mL of blood every 1-4 weeks. If the patient's serum hemoglobin level was below 10 g/dL, phlebotomy was not performed. After phlebotomy, the serum transaminases, ferritin and hemoglobin levels were tested monthly. The method used to remove blood was tightly controlled and included using a syringe for injection and a blood donation bag.
Dietary and nutritional instructions
Registered dietitians were instructed to design a low-iron diet that included only 6 mg of iron per day. We explained to the patients that a limited oral intake of iron can improve the liver function and suppress the progression of liver disease. The patients were asked not to use tableware containing iron and were provided a chart showing the constituents of foods.
Statistical analysis
Differences between the treatment groups and the highversus normal-ferritin subgroups were analyzed using the unpaired t-test and an analysis of variance. The chi-square test, Mann-Whitney U-test, multivariate analysis of variance and the Kaplan-Meier method were used to compare the incidence of HCC based on various factors, including the treatment group and baseline laboratory values. The between-group differences in the carcinogenesis curves were assessed using the log-rank test. A p-value of <0.05 was considered to be statistically significant. All data analyses were performed using the computer software program SPSS version 11 (SPSS Inc., Chicago, USA).
Results
Patient characteristics in the treatment groups
The baseline characteristics of the study patients are summarized in Table 1 . Comparing the phlebotomy group versus the non-phlebotomy group, the serum AST (88±50 vs. 57± 36 IU/L, p<0.01) and ALT (108±49 vs. 59±40 IU/L, p< 0.01) levels were lower in the non-phlebotomy group. However, the mean ferritin concentration at baseline was significantly higher in the phlebotomy group (270±232 μg/L) than in the non-phlebotomy group (139±172 μg/L, p<0.01). There were no statistically significant baseline differences in the platelet count, total bilirubin level, prothrombin time or serum albumin level.
Changes in the serum laboratory values according to the treatment group
After the initiation of phlebotomy, the serum ferritin levels immediately exhibited a gradual decline. In the phlebotomy group, the mean ferritin level (± SD) was 270±232 μg/ L at baseline (n=46) and 63±81 μg/L after five years (n = 30) (Fig. 2) .
In contrast, no substantial changes were observed in the group that did not undergo phlebotomy. In the nonphlebotomy group, the mean ferritin level (± SD) was 139± 172 μg/L at baseline (n=50) and 74±72 μg/L after five years (n=30) (Fig. 2) . The ferritin level not be controlled in only five patients, as these phlebotomized patients did not adhere to the low-iron diet.
The mean serum AST level in the phlebotomy group was decreased at each one-year interval for five years after the phlebotomy treatment (e.g. from 88±50 IU/L at baseline to 48±24 IU/L at 5 years). However, the AST levels remained unchanged in the non-phlebotomy group at most of the oneyear intervals over the five-year period (e.g. from 57±36 IU/ L at baseline to 46±20 IU/L at 5 years). There were significant differences between the two groups (p<0.04) (Fig. 2 ). The mean serum ALT level in the phlebotomy group was decreased at each one-year interval for five years after the phlebotomy treatment (e.g. from 108±49 IU/L at baseline to 50±29 IU/L at 5 years), whereas the ALT levels remained unchanged in the non-phlebotomy group at most of the oneyear intervals over the five-year period (e.g. from 59±40 IU/ L at baseline to 46±20 IU/L at 5 years). There were significant differences between the two groups (p<0.01) (Fig. 2) . The mean platelet count in the phlebotomy group was not decreased at most of the one-year intervals during the fiveyear period (e.g. from 16.1±5.1×10 4 /mm 3 at baseline to 15.8±5.4×10 4 /mm 3 at 5 years), while the platelet counts in the non-phlebotomy group were decreased at most of the one-year intervals for five years (e.g. from 18.2±8.0×10 4 / mm 3 at baseline to 16.7±6.7×10 4 /mm 3 ). There were no significant differences between the two groups (p=0.73) (Fig. 2) . In addition, the alkaline phosphatase, G-GTP and albumin levels and prothrombin time showed no significant differences between the groups. Among the five phlebotomized patients whose ferritin level could not be controlled, the mean AST, ALT and platelet levels did not change significantly during the five-year study period, although the transaminase levels decreased (i. e. AST from 127±68 IU/L at baseline to 69±32 IU/L at 5 years, p=0.57; ALT from 135±64 IU/L to 48±44 IU/L, p= 0.11; and platelet count from 12.2±3.8×10 4 /mm 3 to 14.1± 
AFP levels at baseline
In terms of the serum levels of AFP, the mean baseline AFP level was not significantly different between the phlebotomy and non-phlebotomy groups (Table 1) .
Changes in the serum laboratory values according to the baseline ferritin level
We compared the changes in the serum laboratory values (ferritin, ALT, AST, and platelet count) in the phlebotomized patients with normal versus high baseline ferritin levels (Fig. 3) The serum ferritin levels immediately exhibited a gradual decline after phlebotomy. Among the phlebotomized patients with a normal baseline ferritin level, the mean ferritin value (± SD) was 116±53 μg/L at baseline (n=27) and 43±50 μg/L after five years (n=20) (Fig. 3) . Among those with a high baseline ferritin level, the mean ferritin value (± SD) was 476±218 μg/L at baseline (n=19) and 102±117 μg/L after five years (n=10). There were significant differences within and between the two subgroups (p<0.01) (Fig. 3 ).
The mean serum AST level in the phlebotomized patients with a normal baseline ferritin level was significantly decreased at each one-year interval for five years after the phlebotomy treatment (e.g. from 70±42 IU/L at baseline to 45±22 IU/L at 5 years). The AST levels were also decreased in the high-ferritin patients at most of the one-year intervals for five years (e.g. from 113±44 IU/L at baseline to 55±32 IU/L at 5 years). There were significant differences within and between the two subgroups (p=0.02) (Fig. 3 ). The mean serum ALT level in the phlebotomized patients with a normal baseline ferritin level was significantly decreased at each one-year interval for five years after the phlebotomy treatment (e.g. from 88±42 IU/L at baseline to 48±30 IU/L at 5 years). The ALT levels were also decreased in the highferritin patients at most of the one-year intervals for five years (e.g. from 136 at baseline ±46 IU/L to 51±36 IU/L at 5 years). There were significant differences within and between the two subgroups (p=0.04) (Fig. 3) . The mean platelet count in the phlebotomized patients with a normal or high baseline ferritin level was not significantly decreased at any of the one-year intervals during the five-year study period (e.g. from 16 3 at 5 years in those with high ferritin). There were no significant differences within or between the two subgroups (p=0.35) (Fig. 3) .
Effects of phlebotomy on the incidence of HCC
Of the 96 study patients, 19 were diagnosed with HCC during the follow-up period. HCC developed in four (10.3%) patients in the phlebotomy group and 15 (30.0%) patients in the non-phlebotomy group.
Based on the number of remaining study patients at risk Table 2 .
Multivariate Analysis of the Impact of the Variables on the Incidence of HCC
A multivariate analysis was performed to determine the impact of phlebotomy and other variables on the incidence of HCC. Factors such as phlebotomy, age, platelet count and the AST and AFP levels were assessed using a logistic regression analysis. The only statistically significant difference in the risk of HCC was observed between the phlebotomy and non-phlebotomy groups. The log-rank test revealed a statistically significant between-group difference in the cumulative incidence of HCC at eight years (p=0.04). All patients: over time, the cumulative incidence of HCC for individual years in the phlebotomy group was 0.0% at years 1-2, 5.0% at year 3 and 10.3% at years 4-8. The incidence of HCC in the non-phlebotomy group was 2.0% at year 1, 8.2% at year 2, 12.5% at year 3, 15.0% at year 4, 21.0% at year 5, 24.1% at year 6, 31.0% at year 7 and 43.7% at year 8. The log-rank test revealed a statistically significant difference in the incidence of HCC between the phlebotomy group and the non-phlebotomy group over time (p=0.04), with a lower risk associated with phlebotomy (Fig. 4) . During follow-up, HCC was diagnosed in one of the five patients with an uncontrollable ferritin level in the phlebotomy group.
Variables
Multivariate analysis of the factorial impact on the incidence of HCC
The Mann-Whitney U-test and chi-square test revealed statistically significant differences indicating that phlebotomy (p<0.01), age (p<0.01) and the baseline platelet count (p=0.01) and AST (p=0.04), ALT (p=0.01) and AFP (p< 0.01) levels had substantial effects on the incidence of HCC.
Factors such as phlebotomy, age and the baseline platelet count and AST and AFP levels were also assessed using a logistic regression analysis to determine their impact on the incidence of HCC ( Table 2 ). The only statistically significant difference in risk of HCC was between the phlebotomy and non-phlebotomy groups, with phlebotomy offering a protective risk ratio of 0.13.
Baseline characteristics of the patients with a normal baseline ferritin level
The characteristics of the patients with a normal baseline serum ferritin level are summarized in Table 3 . At baseline, the mean hemoglobin level was significantly lower in the non-phlebotomy group (15.0±1.1 vs. 13.8±4.2 g/dL, p< 0.01). The serum AST levels were not significantly different in the non-phlebotomy group (70±42 vs. 56±36 IU/L, p= 0.15); however, the ALT levels (88±42 vs. 56±38 IU/L, p< 0.01) were significantly lower in the non-phlebotomy group. There were no significant between-group differences in the platelet count, prothrombin time or serum levels of AFP, G-GTP, LDH, alkaline phosphatase, total bilirubin or albumin. 
Baseline characteristics of the patients with a high baseline ferritin level
The characteristics of the patients with a high baseline serum ferritin level are summarized in Table 4 . At baseline, the mean hemoglobin (14.7±1.1 vs. 13.8±1.5 g/dL, respectively, p=0.04) and ALT (108±49 vs. 70±46 IU/L, p=0.03) levels were significantly lower in the non-phlebotomy group. There were no significant between-group differences in the platelet count, prothrombin time or serum levels of AST, AFP, G-GTP, LDH, alkaline phosphatase, total bilirubin or albumin.
Incidence of HCC in the patients with a normal baseline ferritin level
In the phlebotomy group, no patients with a normal serum ferritin level at baseline developed HCC during the study. In the non-phlebotomy group, the cumulative inci- Normal-ferritin patients:
dence of HCC among the normal-ferritin patients was 0.0% at year 1, 5.1% at year 2, 10.5% at years 3-4, 20.8% at year 5, 24.3% at year 6, 31.5% at year 7 and 36.0% at year 8 ( Fig. 5) .
Incidence of HCC in the patients with a high baseline ferritin level
Among the patients with a high baseline serum ferritin level, the cumulative incidence of HCC in the phlebotomy group was 0.0% at years 1-2, 13.3% at year 3 and 27.8% at years 4-8. Meanwhile, the incidence of HCC in the nonphlebotomy group was 10.0% at year 1, 20.0% at years 2-3, 36.0% at years 4-7 and 100% at year 8. At eight years, the log-rank test showed no statistically significant betweengroup differences (p=0.15); however, the phlebotomy group exhibited a consistent trend of a numerically lower incidence of HCC, which suggested a lower risk (Fig. 6 ).
Adverse events
Complaints of feeling cold in the extremities prompted phlebotomy to be stopped in one patient. No significant adverse events occurred in other patients, and no patients discontinued therapy as a result of adverse events.
Discussion
The results of the present study suggest that long-term phlebotomy significantly improves the levels of transaminases and suppresses the development of HCC in HCV-RNA-positive patients. Phlebotomy was shown to be especially beneficial in patients with a normal serum ferritin level. These results support the use of phlebotomy in patients with chronic hepatitis C who cannot receive or show no response to antiviral therapy.
In previous studies, patients with chronic hepatitis C exhibited significantly improved ALT levels following phlebotomy (15, 16) , which is also associated with histological improvement (17) . In a study of combined phlebotomy and UDCA treatment in patients with chronic hepatitis C who were only partial responders to monotherapy, the ALT levels improved to the upper normal range, with no statistically significant differences between either sequence of the combined treatments (18) . Another study demonstrated that iron reduction therapy significantly improved the serum levels of aminotransferases and AFP in patients with HCV-related liver cirrhosis who had received UDCA and/or glycyrrhizin injection for more than six months before study entry (19) . Similarly, the addition of petit phlebotomy was found to be effective and safe for improving the serum aminotransferase levels in hepatitis C patients receiving regular glycyrrhizin injections (20) .
Our study results demonstrated that the levels of aminotransferases were significantly improved in the phlebotomy-treated patients, similar to the reported findings of earlier studies (18) (19) (20) . In the present study, the significant improvements in the ALT and AST levels in the phlebotomy group suggest that the effects of phlebotomy augment the benefits of other therapies (Fig. 2) . In addition, as Figure 6 . Comparison of the cumulative incidence of HCC between the phlebotomy and non-phlebotomy groups: patients with a high baseline ferritin level. The cumulative incidence of HCC among the high-ferritin patients in the phlebotomy group was 27.8% at years 4-8. The cumulative incidence of HCC among the high-ferritin patients in the non-phlebotomy group was 36.0% at years 4-7 and 100% at year 8. The log-rank test revealed no statistically significant between-group differences in the cumulative incidence of HCC at eight years (p=0.15). 27.8%
High-ferritin patients:
shown in Fig. 3 , AST and ALT improvement was particularly apparent in the high-ferritin patients in the phlebotomy group. It has been shown that HCV-positive patients with mutations in the hemochromatosis gene (21-23), β-globin gene (24, 25) or hepcidin gene promoter (25) have higher iron levels in the liver, along with more severe fibrosis and cirrhosis. In addition, the beneficial effects of iron depletion on serum markers of fibrogenesis in patients with chronic hepatitis C have been previously reported, with a significant reduction in the level of serum procollagen III peptide (26) .
We initially predicted an improvement in the functional reserve of the liver; however, the prothrombin times and albumin levels were not significantly different between the two treatment groups. In addition, the platelet counts were not significantly decreased in the phlebotomy group at most of the one-year intervals over the first five years of the eight-year study period (Fig. 2) .
In a clinical trial of phlebotomy for non-alcoholic fatty liver disease, the AST and ALT levels were found to be improved by phlebotomy (27) . However, there were no improvements in histological lobular inflammation, steatosis, hepatocyte ballooning or fibrosis. These findings are consistent with the results for our patients, in whom phlebotomy improved the liver function but not the functional reserve of the liver.
It has also been reported that the rate of HCC development can be decreased by phlebotomy (13) . Therefore, in this study, we also examined the incidence of HCC in patients treated with or without phlebotomy. During the observation period, the incidence of HCC was four of 46 patients (10.3%) in the phlebotomy group and 15 of 50 patients (30.0%) in the non-phlebotomy group, a statistically significant difference (p=0.04). The multivariate analysis also revealed statistically significant differences in the incidence of HCC between the phlebotomy and non-phlebotomy groups, with phlebotomy offering a protective risk ratio of 0.13. These results show that the incidence of HCC can be improved by phlebotomy treatment.
Hereditary hemochromatosis is a well-known disease characterized by iron overload. Patients with this condition reportedly have high rates of HCC, cardiomyopathy, diabetes mellitus and extrahepatic carcinoma (28, 29) . However, phlebotomy has been shown to improve the rate of carcinogenesis and prognosis of hereditary hemochromatosis (29, 30) . In patients with hepatitis C, it is thought that HCV is the cause of hepatic and extrahepatic disease, including HCC and non-Hodgkin's lymphoma (31) (32) (33) (34) . Oxidative stress is also considered to be a cause of HCVassociated HCC (35, 36) . This theory is supported by the finding that iron reduction therapy with phlebotomy reduces lipid peroxidation and oxidative stress in patients with chronic hepatitis C (37) .
We studied the effects of phlebotomy in patients with chronic hepatitis C and a high baseline ferritin level. In the phlebotomized patients with a high ferritin level, the cumulative incidence of HCC was 27.8% at years 4-8 (Fig. 6 ). In comparison, in the non-phlebotomy patients with a high ferritin level, the cumulative incidence of HCC was 36.0% at years 4-7 and 100% at year 8. Among the patients with a high baseline ferritin level, there were no statistically significant differences in the cumulative incidence of HCC between the phlebotomy and non-phlebotomy groups at eight years. However, the cumulative incidence of HCC tended to be lower in the high-ferritin patients in the phlebotomy group. We postulated that this lack of a significant difference was due to the small number of patients remaining in the study at eight years. Another consideration is the background characteristics of the high-ferritin patients, in particular, the significantly higher baseline levels of ALT in the patients treated with phlebotomy (indicating more advanced liver disease) than in the non-phlebotomy group (p=0.03, Table 4 ). However, despite the presence of more advanced disease in the phlebotomized patients, the cumulative incidence of HCC was not significantly different compared to that observed in the non-phlebotomy group. We therefore suggest that phlebotomy can be used to suppress the incidence of HCC, even in high-ferritin patients. The present study's perhaps most impressive finding is that, among the patients with a normal baseline ferritin level, no phlebotomized patients developed HCC, while the incidence of HCC in the matched subgroup treated without phlebotomy was 36% at year 8 (Fig. 5) . We concluded that these data showed that phlebotomy is more effective at suppressing the risk of HCC in HCV-infected patients with a normal iron level. We recommend that patients with chronic hepatitis C receive phlebotomy before iron begins to accumulate.
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